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© The transformer comprises an annular core (1) 
of a soft-magnetic material on which there are pro- 
vided a first winding and a second winding. The 
second winding comprises n turns more than the 
first winding. The first winding consistsd of a first 
conductor (3) and a second conductor (5), the sec- 
ond winding consisting of a third conductor (7). The 
three conductors (3, 5, 7) are twisted over a part of 
their length so as to form a cable (9) wherefrom a 
common winding is formed which includes at least a 
part of the second winding and substantially the 
entire first winding. Near one end of the common 



winding there are provided n additional turns of the 
first conductor (3) and near its other end there are 
provided n additional turns of the second conductor 
(5). The corresponding end portions of the first and 
second conductors (3, 5) are electrically intercon- 
nected in order to form terminals (13, 19) of the first 
winding, and the end portions of the third conductor 
(7) form terminals (11, 15) of the second winding. 
Because the n additional turns of the second winding 
are situated substantially symmetrically with respect 
to the first winding, the leakage inductance is com- 
paratively low. 




FIG.1 



Rank Xerox (UK) Business Services 



1 



EP 0 475 522 A1 



2 



The invention relates to a transformer, compris- 
ing an annular core of a soil-magnetic material with 
a first and a second winding, each of which con- 
sists of at least one wire-shaped electrical conduc- 
tor, which conductors are twisted over at least a . 5 
part of their length in order to form a cable which is 
wound around the core, the first winding compris- 
ing n turns more than the second winding. 

A transformer of this kind is known from NL-A 
288.976. The twisting of the conductors aims to w 
minimize the leakage inductance of the transformer 
and hence render the coupling between the win- 
dings as strong as possible. This is generally desir- 
able so as to achieve suitable operation of the 
transformer. When the number of turns of the first is 
winding is not the same as that of the second 
winding, as in the case of a transformer of the kind 
set forth, it is not possible to twist the conductors 
over their entire length. The n "excess" turns of the 
first winding are then comparatively weakly coup- 20 
led to the second winding and the leakage induc- 
tance is comparatively high. 

It is an object of the invention to provide a 
transformer of the kind set forth in which the leak- 
age inductance is comparatively low. To achieve 25 
this, the transformer in accordance with the inven- 
tion is characterized in that the first winding con- 
sists of a first and a second conductor, the second 
winding consisting of a third conductor, the three 
conductors being twisted into a cable over a length 30 
which is necessary to form at least a part of the 
second winding, from the cable there being formed 
a commonly wound winding which includes said 
part, near one end of the common winding there 
being provided n additional turns of the first con- 35 
ductor whilst near the other end of the common 
winding there are provided n additional turns of the 
second conductor, the corresponding end portions 
of the first and the second conductor being elec- 
trically interconnected in order to form terminals of 40 
the first winding, the end portions of the third 
conductor forming terminals of the second winding. 

The first winding of the transformer in accor- 
dance with the invention comprises two parallel- 
connected conductors which are in principle sym- 45 
metrically situated with respect to the second wind- 
ing which consists of a single conductor. As a 
result, the leakage inductance is substantially lower 
than in the known transformer. The interconnected, 
corresponding end portions of the first and the 50 
second conductor are preferably twisted. 

A preferred embodiment of the transformer in 
accordance with the invention is characterized in 
that at least one of the n additional turns of the 
second conductor has a length which is greater 55 
than the circumference of the cross-section of the 
core and forms a loop which projects radially from 
the core and which is displaceable in the circum- 



ferential direction in order to adjust the leakage 
inductance. The leakage inductance can be in- 
creased or decreased as desired by displacement 
of the projecting loop, which may be useful for 
some applications. 

This and other aspects of the invention will be 
described in detail hereinafter with refence to the 
drawing. 

Figs. 1 to 4 illustrate a number of steps of a 
method of manufacturing an embodiment of a 
transformer in accordance with the invention; 
Fig. 5 shows a finished embodiment of a trans- 
former in accordance with the invention. 
Fig. 1 shows an annular core 1 of a soft- 
magnetic material, for example, ferrite. Fig. 1 also 
shows a first electrically conductive wire 3, a sec- 
ond electrically conductive wire 5 and a third elec- 
trically conductive wire 7. The conductors 3, 5, 7 
are, for example, copper wires provided with an 
electrically insulating jacket. The conductors 3, 5 
and 7 are twisted over a part of their length, thus 
forming a cable 9 which is wound around the core 
1. The cable 9 thus forms a common winding 
which comprises a portion of a first transformer 
winding and substantially the entire second trans- 
former winding. The conductors 3, 5, 7 are sepa- 
rated near the ends of the cable 9. At the left-hand 
side in Fig. 1 the left-hand end portion of the third 
conductor 7 is fed out in order to form a first 
terminal 11 of the second winding. The left-hand 
end portion of the second conductor 5 is also fed 
out and the first conductor 3 is separately wound 
once more around the core 1 in order to form an 
additional turn of the first winding, after which the 
left-hand end portion of the first conductor is twist- 
ed together with that of the second conductor 5 in 
order to form a first terminal 1 3 of the first winding. 
At the right-hand side of Fig. 1 the right-hand end 
portion of the third conductor 7 is fed out in order 
to form a second terminal 15 of the second wind- 
ing. The insulating jacket has been removed from 
the terminals 11, 13, 15 and these terminals are 
preferably coated with tin. The right-hand end por- 
tions of the first and the second conductor 3,5 are 
temporarily fed out together. 

During the step illustrated in Fig. 2 the right- 
hand end portion of the first conductor 3 is sepa- 
rated from that of the second conductor 5. To the 
right of the core 1 there is arranged a pin 17 whose 
diameter amounts to approximately twice the thick- 
ness d of the core material in the radial direction. 
As is shown in Fig. 3, the right-hand end portion of 
the second conductor 5 is wound once around the 
core 1 and the pin 1 7 in order to form an additional 
turn of the first winding. Subsequently, the right- 
hand end portions of the first conductor 3 and the 
second conductor 5 are twisted so as to form a 
second terminal 19 of the first winding. Finally, as 
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is shown in Fig. 4, the pin 17 is removed and the 
insulation of the second terminal 19 of the first 
winding is removed and this terminal is coated with 
tin, so that the first and second conductors 3, 5 are 
electrically connected in parallel. The additional 5 
turn of the second conductor 5 then forms a loop 
21 which radially projects from the core 1 and 
whose length is substantially greater than the cir- 
cumference of the cross-section of the core 1 . The 
length of the additional turn of the second conduc- io 
tor 5, therefore, is substantially greater than the 
length of the additional turn of the first conductor 3 
which is approximately equal to the circumference 
of the cross-section of the core 1 . 

The first winding of the transformer thus 75 
formed comprises four turns formed by the cable 9 
and wound in common with the second winding, 
and one turn formed by the additional turns of the 
first conductor 3 and the second conductor 5. The 
twisted end portions of the first and second con- 20 
ductors 3, 5 together form a sixth turn. The second 
winding comprises the four turns of the cable 9, 
wound in common with the first winding, and a fifth 
turn which is formed by the end portions of the 
third conductor 7. In the described embodiment, 25 
therefore, the first winding" comprises one turn 
more than the second winding. Evidently, it is pos- 
sible to choose the number of additional turns of 
the first conductor 3 and the second conductor 5 to 
be greater than one in order to increase the dif- 30 
ference n between the numbers of turns of the first 
and the second winding accordingly. 

Because the additional turns are symmetrically 
situated with respect to the common winding, the 
leakage inductance caused by these additional 35 
turns is comparatively low. This leakage inductance 
can be varied by means of the loop 21 as will be 
described in detail hereinafter with reference to Rg. 
5. To achieve this, the left-hand end portion of the 
third conductor 7 is preferably fed out so that it is 40 
situated adjacent the right-hand end portion of this 
conductor. The first terminal 11 of the second 
winding then extends approximately parallel to the 
second terminal 15 of this winding. The loop 21 
can be displaced in the circumferential direction of 45 
the core 1 as denoted by the arrow 23. When the 
loop 21 is situated near the terminals 11, 15 of the 
second winding, the additional coupling between 
the loop 21 and the turn formed by the end por- 
tions of the third conductor 7 minimizes the leak- 50 
age inductance. When the loop 21 is moved to the 
left according to the arrow 23, this additional cou- 
pling continuously decreases so that the leakage 
inductance continuously increases. The additional 
coupling is substantially zero (i.e. the leakage in- 55 
ductance is substantially maximum) when the loop 
21 is situated approximately diametrically opposite 
the terminals 11, 15 of the second winding. This 



position is denoted by broken lines 21 \ 

The adjustability of the leakage inductance de- 
scribed with reference to Fig. 5 is not necessary for 
all applications of the transformer. In many cases it 
suffices for the leakage inductance to be as low as 
possible. In such cases the loop 21 , which can be 
displaced according to the arrow 23 can be dis- 
pensed with. The additional turn of the second 
conductor 5 can then be formed, without utilizing 
the pin 17, simply by winding the right-hand end 
portion of this conductor once around the core 1 as 
is also done with the left-hand end portion of the 
first conductor 3 in order to form the other addi- 
tional turn. 

If more than one additional turn is required, the 
number of additional turns of the second conductor 
5 which are formed as a loop which is displaceable 
in the circumferential direction can be chosen as 
required. 

Claims 

1. A transformer, comprising an annular core (1) 
of a soft-magnetic material with a first and a 
second winding, each of which consists of at 
least one wire-shaped electrical conductor (3, 
5, 7), which conductors are twisted over at 
least a part of their length in order to form a 
cable (9) which is wound around the core (1), 
the first winding comprising n turns more than 
the second winding, characterized in that the 
first winding consists of a first (3) and a sec- 
ond conductor (5), the second winding consist- 
ing of a third conductor (7), the three conduc- 
tors being twisted into a cable (9) over a length 
which is necessary to form at least a part of 
the second winding, from the cable there being 
formed a commonly wound winding which in- 
cludes said part, near one end of the common 
winding there being provided n additional turns 
of the first conductor (3) whilst near the other 
end of the common winding there are provided 
n additional turns of the second conductor (5), 
the corresponding end portions of the first and 
the second conductor being electrically inter- 
connected in order to form terminals (13, 19) 
of the first winding, the end portions of the 
third conductor (7) forming terminals (11, 15) 
of the second winding. 

2. A transformer as claimed in Claim 1 , character- 
ized in that the interconnected, corresponding 
end portions of the first conductor (3) and the 
second conductor (5) are twisted. 

3. A transformer as claimed in Claim 1 or 2, 
characterized in that at least one of the n 
additional turns of the second conductor (5) 
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has a length which is greater than the circum- 
ference of the cross-section of the core (1 ) and 
forms a loop (21) which projects radially from 
the core and which is displaceable in the cir- 
cumferential direction in order to adjust the 5 
leakage inductance. 
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